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4,322,806

1
FREQUENCfRESPONSE ANALYZER

" This invention relates to a frequency response analy-
zer for testing the frequency characteristics of mechani-
cal or other systems

Such testing 1s urrently performed by exciting the
system under test using a test signal and then operating
on the output signal using a reference signal which
corresponds to the test signal. The operation performed
between the output and reference signal comprises a
multiplication of the signals and an 1ntegratton of the
product. | | | _

The known Frequency Response Analyzers 1nc1ude
a function generator, multipliers, integrators combined
to form a correlator, which multiplies the output signal
from the system under test by sine and cosine reference
signals which are shifted by ninety degrees (90°) from
each other and derived directly from the function gen-
erator and integrates the products to obtain the values,
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proportional to “In-Phase” and “Quadrature” Compo-

nents of the waveform to be analyzed, which then are
converted to a polar form by a converter. Action of the
known frequency response analyzer can be summarised
as follows:

. 1 NT_
T =7wNF J Rsin(et+ )sinords=14Rcosd;
| a
5 =7 [ ~ Rsin(ot + ¢)cosordt =} R sin ¢;
. |

Carteslanfto-polar converter calculates the final values:

=N a + p2 ;¢=tanl(-§-) ;

Where: NT i1s the integration time of N cycles of the
analyzed waveform of period T. |
For example, the commercial types of Transfer Func-
tion Analysers such as “TFA JM 1600 Solarthron
Schlumberger,” or “1170 Frequency Response Analy-
ser” of the same company are based on this method.

Due to orthogonality of sine and cosine functions,
this type of frequency response analyzer efficiently
rejects harmonics of the test signal, any periodical inter-
fering signals with the frequency different from that of
reference signal and rejects as well noise components,
which can be present 1n the waveform to be analyzed.

For example S

(a) For interfering harmonics of the order n:

L NT
NT f sin (nwt + nd) sinwt dt = 0
0

for N=2,3,4...

(b) For interfering t’periodical signals with the fre-
quency o; different from analysed frequency w:

|  NT

~1_
T J
o

sinw;t - sinwt dt =——>0
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-continued

NT ———> «

providing w£w.

(c) For mterferlng random processes n(t) of the
“white noise” type with the uncorrelated values

NT

= [ n(0)sinet df ——>0
o
NT—eoo

But the known frequency response analyzer has certain
failures. If interfering superimposed signals have the
same frequency as that one analyzed, this signal will not
be rejected.

For example, if the interfering signal:

s() = e sin (w? + ),

1 NT
T [ esin (of + {) sinwt =
0

} e cosyY %= 0
(The same for the second component.)

This occurs, for example, when the analyzed system
1s machinery with shafts, rotating with given frequency.

3o In addition harmonics of this frequency are not re-
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jected.

For example consider an interfering signal comprising
harmonics nw

NT _
"j'\'fo' [ esin(n ot + nY)sin nwr dt = 4 € cos mjp =0

0 | |
(The same for the second component.)

Another such case occurs when the sharp-resonant
system is affected by interfering “noise” with a wide
spectrum. The system selects the vibrations with the
frequencies, coincident with its resonant frequencies,
and the system output is then a narrow bandwidth ran-
dom signal which may be described as a “sine-wave
with random amplitudes™.

- For example consider an interfering signal n(t) at the
resonant frequencies w; of the system.

The response of the system with high quallty to ran-

0 dom noise may be represented as the sum of cornpo-
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nents.
s{0)=(s) sin (@it -+

Then_ at the output of one channel of Frequency Re-
sponse Analyzer we have:

NT
[ () sin(w;it + Y)sinew;it = % (s) cos Yj 7%= 0

G

1

NT

(The same for the second component.)

Consequently, the known Frequency Response Ana-
lyzers give distorted results at the most interesting
points of frequency reSpcjnse, 1.e. at the resonant points,
if the sharpresonant system is affected by noise.

The prolongation of 1ntegrat1ng time does not Im-
proye the rejection of thls type of 1nterference
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It 1s an object of the-present invention to provide a
frequency response analyzer which is capable of reject-
ing foreign signals having a frequency corresponding to
the output signal or harmonics thereof.

In one form the invention resides in a frequency re- 5
sponse analyzer having means for producing a phase
modulated test signal for input into the system under
test; means for dividing the output signal from the sys-
tem under test into two channels; means for multiplying

the signal of each channel by a reference signal; the 10
reference signal of one channel corresponding to the

test signal and the other reference signal corresponding

to the test signal but being out of phase thereto by 90°;
means for integrating the product of each channel, and
means for analyzmg the resultant signal from each chan- 15
nel.

The invention will be more fully understood in the
light of the following description of one specific em-
bodiment. The description is made with reference to the
accompanying drawings of which: 20

FIG. 1 1s a block circuit of the embodiment; and

FIGS. 2A and 2B are representations of the forms of
test signal which can be used with the embodiment.

The frequency response analyzer of the embodiment

comprises a function generator and a phase modulator, 25

a signal multiplier, an integrator and a cartesian to polar
converter which provides the frequency characteristics
of the output signal of the system under test. The. test
signal from the function generator is phase modulated at
the phase modulator and the resultant signal is intro- 30
duced into the system under test. The resultant output
of the signal under test is distributed into two channels
and each channel incorporates a multiplier to multiply
the output signal with a phase modulated reference
signal which originates from the function generator. 35
One of the reference signals corresponds to the test
signal while the other corresponds to the test signal but
is 90° out of phase therewith. L
The action of the frequency response:analyzer can be
explalned as follows: - 40
- Consider the case of a very slow (compared with the
frequency of the test signal) modulation function 6(t),
which can be then approximated as a series of step-func-
tions with the constant values @;, over the time intervals
T;, to which the total integration time is subdivided 45
(FIG. 2a). The phase-modulated testing signal can be
described now as a train of sine waveforms with the
same amplitudes but different phases 6; at intervals T},
according to modulation function 6(t), as shown in
FIG. 2b. After transients in the system under test decay, 50
the response to the phase modulated test signal will
have the same phase modulation as the testing signal,
and hence, being multipled by reference signals with
exactly the same phase-modulation and integration over
periods of time T; gives the “In-phase” and ‘“‘Quadra- 55
ture” values (see Formula 1 below). Hence, the Integra-
tors outputs are independent of the modulation function
over the total period of integration, i.e. the frequency
response analyzer is invariant to the slow simultaneous
phase modulation of both test signal and reference sig- 60
nals. That means, that in spite of the phase modulation,
the proper values of “In-phase” and “Quadratize” com-
ponents are obtained at the integrators outputs after
total integration time completed. Being averaged by the
Averager these outputs are not changed, as they are 65
equal constants. As for interference 51gnals the situation
is different as the proposed FRA is not invariant to the
phase modulation of reference signals only. This fact

enables the rejection of interference signals with the

same frequency as that of the ‘test signals. In spite of
coincidences of frequencies of test signal and interfer-

ence signal, there is the important difference between
them; the test signal is artificially phase-modulated,
while the interference signal is not, consequently the

integrators output depends on the modulation function,

thus giving opportunity to reject this interfering signal.

Particularly, the result of the frequency response
analyzers-action over a period of time T;depends on the
value 0; (sece Formula 2 below).

Averaging of the even number of these values over
the collection of 6; gives zero, providing the modulation
function 0(t) is periodic, taking the values 6; between 0
and - or =m/2. f

Consider, for example, the simplest case of the G(t) as
a square. periodical function with 2 values only 6; and

0y, when 8)=01—m

D N
%.2_1%6005(¢—i9f)=-
= T

-ET (cos(y —8) +cos(f — 8;4 7)) =20

Hence, the average over any even number of 8; gives
Zero. |

Consequently, the proposed frequency response ana-
lyzer rejects the interference signal with the frequency
equal to that of the test signal, as well as the harmonics
of the interference signal and narrow-band random
vibrations, within the frequency equal or close to the
analysed one.

There are several modifications which can be made
to the frequency response analyzer of the embodiment.

(a) The averager can be excluded, providing integra-
tion constants of the integrators are long enough to
cover the total time range of the sum of subdivi-
stons T; averaging over 8; being then done by
integrators themselves.

(b) As the modulation function is not prescribed,
many particular cases of modulators can be used. In
the simplest form it may be switches, changing the
polarity of test and reference signals simulta-

- neously, thus leading to a square modulation func-
tion and rejecting the 1nterfermg signals after odd
- number of switchings.

(c) Some types of modulation function can be more
effective than others. For example, to reject a de-
terministic interference such as a sine wave, a
square modulation function is quite suitable but to
reject interference with arbitary amplitudes a ran-
dom modulation function might be more effective.

FORMULA 1: -

Over the interval T; the test signal has the certain
phase-modulation shift 8;, which 1s a constant, hence the
system response have the same phase-shift 6;and can be
written as

- Rsin(wt + ¢ + 6)) | for time ¢ inside the interval 7;

The reference signals have the same phase shift 0;
hence:

R
—:?1::- f sin (&lf + q') + 9;) S1n (OJI -+ 91) dt = é R cos ¢'
i Tf- ' ' .
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5
-continued
R
?1—_- S sin (ot + ¢ + 6;) cos (wf + 8) dt = 4 R sin ¢
! Tf

Hence, integration over each time T; gives the same
values (a/2) and (b/2), independently of phase modula-
tion 8.

FORMULA 2.

The interference signal s(f)=¢€ sin (wt42s), being

uncorrelated in phase with reference phase-modulated

signals, gives the value dependent on 8; for each time
interval T

2= sesin (@ + W) sin (f + 8) dt = } € cos (Y — 6)
i Tf

A sesin (of + ) cos (wt + 8) dt = 4 e sin (Y — @)
i

T;

The claims defining the invention are as follows:

1. A irequency response analyzer having a signal
generator for producing a test signal for input into a
system under test, a first reference signal and a second
reference signal; said first reference signal being identi-
cal to said test signal and said second reference signal
being 1dentical to said reference signal but being 90
degrees out of phase therewith; a phase-modulator for
simultaneously incorporating a phase shift function
which is variable in time into said test signal and into
said first and said second reference signals; a sensor for
detecting an output signal from the system under test; a
divider for dividing the output signal from the system
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6

under test sensed by said sensor into two channels: a
multiplier in each of said channels, one of said multipli-
ers multiplying the output signal by said first reference
signal and the other of said multipliers multiplying the
output signal by said second reference signal; an inte-
grator in each channel for integrating the output of the
respective of said multipliers; an averager in each chan-
nel for averaging the outputs of the respective integra-
tor; and a cartestan to polar converter for conversion of
the averaged signal of each channel to a polar form, and
an output means for each channel.

2. A frequency response analyzer as claimed in claim
1 wherein a set of sequential outputs from the integrator
in each channel are averaged by the averager over a
period of time which comprises a multiple of the inte-
gration periods of each integrator.

3. A frequency response analyzer as claimed in claim
1 wherein the phase shift function comprises a regular
periodic change in the polarity of the test signal, the
first reference signal and second reference signal.

4. A frequency response analyzer as claimed in claim
1 wherein the test signal comprises the function sin
(wt40(t)) and the two reference signals are sin
(Wt+0(t)) and cos (Wt46(t)) wherein 0 comprises the
phase shift function.

5. A frequency response analyzer as claimed at claim
1 wherein the modulation function is periodic and each
integrator produces integrands of the corresponding
output signal for each period of the modulation function
and the integrands are averaged by the corresponding

averager for a time interval of at least two of the peri-

ods.
* %k k% X%
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